Lee and co-workers' revised cardiac risk index was used to study the perioperative cardiac outcome of 296 patients. The index uses a history of ischaemic heart disease, congestive cardiac failure, diabetes treated with insulin, a creatinine greater than 180 μmol/l, cerebrovascular disease and high risk surgery as the risk factors involved in predicting a perioperative cardiac event. It was derived on the basis of data from patients over the age of 50 years undergoing elective, noncardiac surgery with an expected inpatient stay of two or more days. The presence of one, two and three or more risk factors predicted a risk of a major cardiac event of 1.3% (95% confidence interval [CI] 0.7 to 2.1), 3.6% (95% CI 2.1 to 5.6) and 9% (95% CI 5.5 to 13.8) respectively in Lee's derivation group of 2,893 patients. In our audit of 296 patients we observed a cardiac event rate of 0.8% (95% CI 0 to 2.3%), 6.7% (95% CI 1.6 to 10%) and 2% (95% CI 0 to 5.9%), in patients with one, two and three or more risk factors respectively. The more frequent use of ECGs and troponin levels in the routine postoperative care of high risk patients undergoing major noncardiac surgery is recommended on the basis of the frequency of a positive result and the impact of a positive result on a patient's management.
A recent editorial 1 which discussed perioperative myocardial events, stated that "The review by Devereaux et al 2 is a timely reminder of how little is known about such an important problem, a call to obtain better data, and a suggestion to discuss the rationale for surgery and its possible attendant risks carefully with patients".
In 1999, Lee and co-workers 3 derived and validated a risk index, based on six clinical features, to predict the incidence of cardiac death or severe cardiovascular complications in patients over the age of 50 years undergoing elective, major, noncardiac surgery with an expected inpatient stay of two or more days. The six derived predictors of a poor cardiac outcome were: a history of ischaemic heart disease, congestive heart failure, cerebrovascular disease, preoperative treatment with insulin, a serum creatinine >180 μmol/l and high risk surgery. In Lee's derivation cohort of 2893 patients, the rate of a major cardiac complication with zero, one, two and three or more risk factors were 0.5%, 1.3%, 3.6% and 9.1% respectively. The major cardiac complications documented were death, myocardial infarction, pulmonary oedema, ventricular fibrillation, complete heart block and cardiac arrest. Lee's index is a useful tool to help address the problem described in the editorial.
The aims of our study were to benchmark our perioperative cardiac outcome against those predicted by Lee's index, explore the potential to improve perioperative cardiac outcome and provide accurate, local experience, outcome data to our patients for the informed consent process.
METHOD

Patient population
The method of Lee's study 3 was applied to 296 patients at the Princess Alexandra Hospital (PAH). Princess Alexandra Hospital is a major tertiary teaching hospital with all forms of adult surgery except obstetrics and gynaecology. Patients over the age of 50 years undergoing major, elective, noncardiac surgery with an expected inpatient stay of at least two days, who had one or more cardiac risk factors were included in the audit. All patients were followed until discharge. Patients with no risk factors were not included, as the recognised low rate of cardiac complications in this group would almost certainly not provide useful information with respect to the quality of perioperative cardiac outcome and meaningful risk-adjusted data.
Collection of data
After approval by the hospital's ethics committee, the details of all 5136 patients who had surgery at PAH from January to April 2004 were reviewed. This involved a search of the Operating Room Management Information System database followed by a review of 1400 charts by the authors of patients whose age and procedure were compatible with Lee's criteria. This audit resulted in the analysis of the details of 145 patients who met the criteria and had one or more risk factors as described above. The data was collected between August and October 2004. The audit was very labour intensive as many recalled charts involved patients with either no risk factors or patients who failed to meet other criteria. Therefore, from January to April 2005, a prospective and more efficient method of selecting patients was established. Elective patients over the age of 50, booked for procedures with an expected inpatient stay of ≥two days and with risk factors as described by Lee were selected by the theatre receiving nurse. The risk factors were confirmed by the anaesthetist caring for the patient. A further 151 patients were then studied. The receiving nurse greeted and confirmed the identity and procedural details of all patients prior to them entering theatre suite. During this period of time, surgery was performed on 5845 patients.
All charts were then reviewed by the authors after the patient had been discharged, for data collection with respect to cardiac outcome and confirmation of eligibility for the study. As the study was an audit, there were no deviations from normal care and patient consent was not required. There was no attempt to derive a local index. The data recorded included: age, gender, the presence of Lee's revised cardiac risk factors, surgical category, type of surgery, planned intensive care unit (ICU) admission, presence or absence of an ECG postoperatively, troponin level if performed postoperatively and any major cardiac complications.
The type of surgery was based on the surgical specialty. The surgical categories were as described by Lee Whipple's procedure, cystectomy and nephrectomy. "Other vascular" included carotid endarterectomy, femoro-popliteal bypass and aortobifemoral grafts. "Other" included pharyngolaryngectomy, craniotomy and major plastic surgical reconstructions. For a positive history of ischaemic heart disease the patient must have had a history of at least one of the following: myocardial infarction, positive exercise stress test, abnormal dobutamine stress echocardiogram, chest pain considered to be angina, nitrate use or an ECG with pathological Q waves. A history of congestive heart failure was documented if there was a history of congestive heart failure, pulmonary oedema or paroxysmal nocturnal dyspnoea; physical examination showing bilateral rales and a S3 gallop or via a chest X-ray showing pulmonary vascular redistribution. History of cerebrovascular disease was recorded if the patient had a previous stroke or transient ischaemic attack. High risk procedures were defined by intraperitoneal, intrathoracic or suprainguinal vascular procedures. Insulin use and creatinine levels greater than 180 μmol/l were also recorded.
The major cardiac complications recorded were death, myocardial infarction, pulmonary oedema, ventricular fibrillation, cardiac arrest and complete heart block. Myocardial infarction was assessed using serum cardiac troponin I and was positive if greater than 0.4 μg/l. The Lee study used creatinine kinase. The diagnosis of pulmonary oedema required radiological diagnosis and ECG abnormalities required 12 lead ECG documentation.
Classification of groups
Lee et al stratified their groups as class I=no risk factors, class II=one risk factor, class III=two risk factors and class IV ≥3 risk factors. The PAH study only involved patients in classes II to IV for the reasons described above.
Analysis of data
Numerical data was analysed with Student's t-test using summary data from independent sample means and standard deviations. Confidence intervals (CI) were calculated to the 95th percentile. Table 1 demonstrates the type of surgery involved in the PAH audit. Table 2 illustrates the demographic data for both the Lee validation group and the PAH group. There were more males in the PAH cohort (67% male vs. 51% male in the Lee derivation cohort). The average age of PAH patients was 70.5 years with 54% of these patients over the age of 70 years. This contrasts with Lee's study, with an average age of 66 years and only 33% of patients over the age of 70 years. Princess Alexandra Hospital had more vascular and abdominal surgery but less thoracic and orthopaedic surgery than in Lee's study. Table 3 illustrates the frequency of major cardiac complications and death as well as the association between class II to IV patients and major cardiac complications in the Lee validation group and the PAH group. Figure 1 illustrates the mean rate of cardiac complications and the 95% confidence intervals for class II to IV patients in Lee's derivation and validation groups and the PAH group when they are compared on the basis of the frequency of major cardiac complications and the presence of one, two and three or more risk factors. Table 4 illustrates the association between each individual risk factor and major cardiac complications in the Lee et al validation group and the PAH group. Table 5 illustrates the frequency of the use of troponin levels, postoperative ECGs and admission to intensive care in the PAH group. Due to the retrospective nature of the PAH study only 17% of patients were investigated with a troponin level. ECGs were performed on 27% of postoperative patients. Vascular surgery patients admitted to ICU routinely had a troponin level done. Twenty-four percent of the patients were admitted to ICU. Four (5.4%) of the 73 patients initially managed in the intensive care unit suffered a major cardiac complication. Six (2.6%) of the 223 patients initially managed in the general ward suffered a major cardiac complication.
RESULTS
DISCUSSION
The absence of gynaecology at PAH, the lower number of orthopaedic cases and the significantly greater number of vascular patients in the PAH cohort are the main reasons for the greater number of males in the PAH cohort (PAH 67% male vs. Lee 51% male). Princess Alexandra Hospital is a major tertiary referral centre for urology and renal transplant surgery. This probably explains the higher frequency of renal impairment. The older age group at PAH and the increasing diabetic renal failure population group probably also explain the higher numbers with diabetes at PAH (diabetes being the commonest cause of renal failure in the elderly).
The appeal of the Lee's index lies in its simplicity and the validated use of the six independent risk factors to predict which patients are likely to have cardiac complications postoperatively. To develop Lee's index 2893 patients were retrospectively studied in a derivation group. The validity of the index to predict outcome was confirmed by prospectively studying a further 1422 patients. The Lee 3 study has the best receiver-operating characteristic (ROC) curve analysis when compared to other similar indices such as that of Detsky 4 and Goldman 5 . It has a ROC analysis of 0.759 in the derivation group and 0.806 in the validation group. A ROC analysis of greater than 0.8 is described as being clinically acceptable 6 . A ROC analysis allows the evaluation of the discriminative ability of a test over a wide range of decision thresholds. It also can be used for comparing tests and is an excellent for estimating the test's performance when comparing groups 6 .
Lee's index has been used to assess the risk of postoperative complications in noncardiac surgery in non-Caucasian populations and has been used in bench-marking exercises in Japan 7 . The choice of Lee's index as the best available index to benchmark the quality of our cardiovascular outcome since 2004 has since been supported by the work of Boersma et al 8 in 2005 in the Netherlands. His group studied a group of 108,593 patients and validated the quality of Lee's index as a tool to predict perioperative cardiac outcome. Lee's index is described in the Boersma et al paper as "the best currently available cardiac risk prediction index, because it was developed on contemporary, prospectively gathered clinical data from unselected patients who were followed systematically postoperatively for a range of clinically relevant cardiac outcomes".
Boersma et al could only improve the predictive accuracy by adjusting for age and by further subdividing the surgery into four groups from low to high risk surgery, as per Eagle 9 The PAH incidence of major cardiac complications was similar to that predicted by Lee's index in class II (one risk factor) and class III (two risk factors) patients. In the presence of one and two risk factors, Lee predicts a risk of a major cardiac event of 1.3% (95% CI 0.7 to 2.1) and 3.6% (95% CI 2.1 to 5.6). In our audit of 296 patients we observed a cardiac event rate of 0.8% (95% CI 0 to 2.3%) and 6.7% (95% CI 1.6 to 10%) in class II and III patients. The low rate of cardiac complications in our class IV high risk patients of 2% (95% CI 0 to 5.9%) was lower than that predicted by Lee et al (9%) (95% CI 5.5 to 13.8). The difference may represent a good outcome, but the low rate of ECG and troponin investigation postoperatively and the small number (only 50 patients in class IV) may be responsible for the lower rate.
In Lee's study, patients with ≥3 risk factors had a 9% incidence of major cardiac complications with a >2% mortality. Therefore, it is reasonable to suggest that patients who have greater than two of Lee's cardiac risk factors are flagged in the preadmission clinic and postoperatively are investigated with an ECG and/or cardiac troponin and admitted to an intensive care or high dependency unit with appropriate cardiac monitoring and care.
The rate of postoperative testing with postoperative ECGs (26%) and troponin levels (17%) at PAH was disappointing. As more than 50% of perioperative myocardial infarctions are silent, the routine use of these tests in the higher risk groups seems justified as a positive result markedly changes management 13 . When the potential impact of a positive result and the frequency of a positive result (4% for ≥3 risk factors and 2% for two risk factors in the Lee et al study) are considered, the routine use of these investigations (troponin and ECG) seems justified in these higher risk patients.
Studies such as that of Mangano et al 14 concerning the impact of β blockers on patients with ischaemic heart disease frequently give details of the number of patients with various described risk factors. However, it is unusual for this type of study to provide details of the number of patients with multiple risk factors. Lee et al have both retrospectively and prospectively developed and validated an index that clearly demonstrates that the number of patients with multiple risk factors is far more important than the number of risk factors present in the sample studied. This is consistent with other studies that predict cardiac outcome on the basis of risk indices 4, 5, [8] [9] [10] [11] [12] . The predicted outcome of 10 patients with three or more risk factors would be similar to that of 100 patients, each with only one risk factor. In studies that involve several hundred patients the number of patients with multiple risk factors could have a major impact on the expected outcome and hence the validity of the study.
The data in the PAH study with respect to admission to intensive care was collected as some clinicians were concerned about class III patients (medium risk) not being managed in an intensive care/high dependency unit environment in the immediate postoperative period. The current numbers do not allow valid statistical analysis.
However the data to date shows a higher rate of admission to intensive care in class IV (31%) than in class III patients (14%). The higher rate of complications in our class III patients suggests a need to continue to collect data to help determine whether a higher rate of postoperative intensive care/high dependency unit care is justified in class III patients. The audit has resulted in a recommendation to staff to more carefully assess the need for postoperative ECGs and troponin levels in higher risk patients as there is an appropriately high chance of a positive result which does significantly impact on patient management.
In conclusion, Lee's index has been used to benchmark the perioperative cardiac outcome in a group of 296 patients over 50 years of age undergoing major surgery. The audit suggested a need for the more frequent use of ECGs and troponin levels in high risk patients as defined by Lee et al. The simplicity of Lee's index allows the bedside clinician to risk stratify patients over the age of 50 years, who are undergoing major, elective noncardiac surgery into low (<1%), medium (5%) and high risk (10%) groups. Our study combined with Lee's is part of the response to "an important problem, a call to obtain better data, and a suggestion to discuss the rationale for surgery and its possible attendant risks carefully with patients" as described in the recent editorial in the Australian Medical Journal.
